T he effects of stocking density and dietary protein levels on growth performance, larval survival and feed utilization efficiency of Nile tilapia (O. niloticus L.) fiy monosex (0.014 g average initial body weight) were investigated in a single-stage nursery-rearing system using 1389 and 2778 hatchlings/ m 3 as stocking densities within each density 29.71, 34.43 and 39.11% dietary protein levels. Twelve fiberglass tanks (180 liter volume for each) on a flow-through system (100%/day)were used to represent the two stocking densities and the three protein levels in replicates. The dietary treatments were fed 7 days/week (twice daily) at a rate of 15% of the total biomass during the 1 st 45-days then reduced to 10% of total biomass from days 46 to 75, after that it was reduced to 5% of total biomass till the end of the experiment (105 days).
INTRODUCTION
Tilapia is the second most important farmed fish in the world, after carps. Great attention has been paid to tilapia culture in recent years. Despite the great potential of tilapia culture, shortage of fry production to meet the increased global demands remains one of the main obstacles limiting the expansion of intensive culture of these fishes. Information regarding larval culture, especially the effects of stocking density and dietary protein levels on fish fry management is limited, inconsistent and sometimes controversial For example, Dambo & Rana (1992) found that the growth rates of Nile tilapia (O. niloticus L.) fry were negatively correlated with stocking density, ranging from 2 to 20 fry/ liter. They suggested 5-10 fry/liter as optimal stocking density. Similarly, El-Sayed (2002) considered 5 fry/ liter as optimal stocking density of O. niloticus L. On the contrary, Gall & Bakar (1999) reported that body size of tilapia fry was not affected by stocking densities ranging from 10 to 200 fiy/L, when water flow was uniform. Furthermore, El-Sayed (2002) found that the relationship between the survival of Nile tilapia fry and stocking density was negatively correlated.
The protein requirements of fish are ranging from 30% to 55% according to fish species, fish size, dietary protein sources and environmental conditions (NRC, 1993) . Dietary protein level for high growth performance of Nile tilapia was found to be 32% for fmgerlings (Lovell, 1989) , extraprotein in relation to energy in diet cause the use of protein as an energy source, which increases ammonia secretion and deteriorate water quality (Prather & Lovell 1973; Shyong, et al> ^ 998 ; Hatlen et al 2005) .
Growth, survival, production and feed efficiency of fry and fingerlings in a single-stage nurseiy -rearing system depends mainly on stocking density and dietary protein level. Therefore, the present study was undertaken to investigate the effects of stocking density and protein level on growth performance, survival rate and feed efficiency of Nile tilapia (O. niloticus L.) fry monosex reared in circular fiberglass tanks during a single-stage nursery-rearing system.
MATERIALS AND METHODS

Study site and experimental design:
The present study was carried out at the fish hatchery of Arab Fisheries Company at Abbassa village, Abu-Hammad, Sharkia Governorate, Egypt. Twelve circular fiberglass tanks each of 180 liter volume were used in this study. The twelve tanks represent two stocking densities (250 and 500 hatchlings in 180 liter fiberglass tank) and witiiin each stocking density studied three dietary protein levels (29.71, 34,43 and 39,11%) were tested. Six treatments were applied in the experimental fiberglass tanks. These were (T1SR1) stocked with 250 hatchlings / 180 liter and fed with 29.71% protein, (T1SR2) stocked with 500 hatchlings / 180 liter and fed with 29.71% protein, (T2SR1) stocked with 250 hatchlings / 180 liter and fed 34.43% protein, (T2SR2) stocked with 500 hatchlings / 180 liter and fed with 34.43% protein, (T3SR1) stocked with 250 hatchlings / 180 liter and fed 39.11% protein and (T3SR2) stocked with 500 hatchlings / 180 liter and fed 39.11% protein. Each treatment was performed in duplicate. The water tanks were on a flow-through system at 100%/ day to avoid any harmful effect of water quality parameters that were within the acceptable limits for fish growth and health (Table 1) . Fish and culture facilities:
Nile tilapia fiy were produced from tilapia broodstock kept in the hatchery-Fertilized eggs were removed from the mother's mouths and stocked in hatching jars provided with upward aeration to keep stirring them. After two days from hatching (complete absorption of yolk-sac), the fiy were stocked into 180-liter circular fiberglass tanks. They were then fed on the tested diets mixed with 17a methyl testosterone (sex controlling) at a dose of 60 mg/kg diet (lg 17a methyl testosterone was dissolved in 1 liter ethyl alcohol, then 60 cm 3 of this solution were sprayed on 1kg diet). Three test diets were formulated to contain three levels of protein (29.71, 34.43 and 39,11%) . Ingredients and proximate composition of the experimental diets are presented in Table ( 2). Nile tilapia (O. niloticus L.) fry (0,014g average weight) were given the mash prepared experimental diets at a daily rate of 15% of total biomass during (1 st 45-days) then reduced to 10% of total biomass from days 46 to 75 after that reduced to 5% of total biomass till end of the experiment (105-days), white the fish were fed 7 days/week (twice daily at 9.00 am and 3.00pm). The amount of feed was bi-weekly adjusted according to the changes in body weight throughout the experimental period (105-days).
At the post-larvae stages, hatchlings were much sensitive and very small in size. So, subsarnpling techniques for avoiding the great loss and harmful stress on hatchings should be used. The weight per fish were calculated by dividing the subsamples weight on the total number of hatchlings per sample to produce the average weight per hatchling. While the total length of hatchlings were measured individually to the nearest millimeter by using the millimetric petry disches.
Growth performance parameters were measured by using the following equations.
LnW2 _ Ln W[ Specific growth rate (SGR) = f x 100 Where: Ln = the natural log, Wi = initial weight (g) W2 = the final fish weight in "grams" and t= period in days.
W2 -W] Relative growdi rate (RGR) = W, Where: Wj = initial weight and W 2 = final weight'in "grams" Mass weight gain (WG) (net increment)^ final weight (g)-initial weight (g) Condition factor (K) = weight / (L) 3 * 100 -Feed conversion ratio (FCR) = feed ingested (g)/ weight gain (g) Protein efficiency ratio (PER) = weight gain (g)/ protein ingested (g) (27.11 -29.02g ) increased significantly with increasing the dietary protein level and decreasing the stocking density. Also, Al-Azab (2001) came to the conclusion that higher tilapia stocking densities released negative effects on its body weight and length, where body weight and body length decreased as the stocking density increased Results in Table ( 3), showed that averages of specific growth rate (SGR) of monosex Nile tilapia fry during the whole experimental period (0-105-day) were 4. 78, 4.25, 4.94,4.73, 5.36 and 4 .88 for TjSRi, T|SR 2 , T 2 SRi, T2SR2, T3SR1 and T3SR2, respectively and the differences between these values were significant (P< 0.01). These results indicate that within each protein level fed decreasing the stocking density improved SGR records and the improvement was more pronounced at higher protein levels. These findings may be due to competition for food and habitat due to higher density offish (Mam et al t 2002; Rahman and Rahman, 2003) . These, results are in accordance with the findings of El-Sayed (2002) , who reported that SGR of Nile tilapia (with average initial weight 0.016g) reared in fiberglass tanks, in a closed, recalculating indoor system for 40 days, were negatively correlated with stocking density and this may be due to social stress causing chronic stress response. In agreement with the present findings, Barcellos et al (1999) reported that the resting plasma cortical concentration of Nile tilapia fingerlings increased with increasing density of fish, indicating a chronic stress response, attributable to social stress. Furthermore, King et al (2000) cleared that stress due to space availability was the primary factor inhibiting the growth of summer flounder (Paralichthys dentatus L.) larvae stocked at high densities. Results of Rahman et al (2005) , indicated that SGR of fingerlings of Tor putitora (0.012g) was also negatively correlated with stocking density.
As shown in Table ( 3), average SGR values of monosex Nile tilapia were 4.25 and 4.88 for T1SR2 and T3SR2, respectively, with significant (P<0.G1) differences between these values. These results indicate that fish fed higher protein level and stocked at higher densities (T3SR2) grow better than those fed lower portion level and also stocked at higher densities (T1SR2). They are in agreement with Abdei-Hakim and Moustafa (2000) who indicated that SGR of Nile tilapia reared in cages was improved almost significantly with each increase in the dietary protein level, fed from 20 to 32% protein. Also, the same .trend, was observed for the relative growth rate (RGR) and the averages of daily gain in weight (DWG) during the whole.experimental period. Similar findings were reported by Rahman et al (2005) who noticed that growth in terms of length, weight, weight gain and SGR of fingerlings of Tor Putitora reared in nursery ponds were significantly higher in ponds stocked with 0.6 million hatchling/ha than those from the ponds stocked with 0.8 and LO million hatchlings/ha respectively.
Values of condition factor (K) ranged from L42 to 1.9 at the end of the experimental period, with significant (P< 0.01) differences between the different treatments (Table 3) , The best K value was recorded with T3SR1 where fish reared at the lowest density (1389 hatchlings/m 3 ) and fed the highest dietaiy protein level (39.11%CP). On the other hand, fish kept in the highest density (2778 hatchlings/ m 3 ) and fed the lowest dietary protein level (29.11%CP) showed the worst K records. These results indicate that the condition factor improved with the decrease in stocking density and increase in the dietary protein level. These findings may be attributed to the availability of adequate food and space for fry reared.
Results presented in table (3) revealed significant (P< 0.05) effects of stocking density and dietary protein levels on larval survival and growth performance. Fish survival improved almost significantly (P< 0.05) with each decrease in the stocking density and increasing the dietary protein levels tested. The highest value of survival (96.5%) was obtained with T3SR1, while the lowest (88%) was observed for TiSR 2 . Although the survival rate (SR) of TiSR 2 was numerically lower than that of T3SR1 with significant difference (P< 0.05), there were insignificant differences (P> 0.05) between SR of T1SR1 and TiSR 2 , between SR of T1SR2 and T 2 SR 2 , between SR of T3SR1 and T 3 SR 2 and between SR of T 2 SRi and T3SR2-These results are in accordance with those reported by El-Sayed (2002) who found that survival rate of Nile tilapia (0.016g) were negatively correlated with stocking density. On the other hand, AbdelHakim et al (2001) and Al-Azab (2001) reported that both protein level fed and stocking density had no remarkable effects on tilapia survival.
The relative increase in mortality at 2778 hatchlings/m 3 (higher stocking density) and 29.71%CP (lowest dietary protein) (12.0 % mortality, P< 0.05) was most likely due to cannibalism (not stocking density) as has been reported with other tilapia species, including O. mossambicus (Macintosh & De Silva, 1984) . O. niloticus (Dambo and Rana, 1992) and tilapia hybrids (Macintosh & De Silva, 1984) . These results demonstrated that cannibalism could be a main cause of tilapia fry mortality. Food utilization:
Results in Table (4) show average feed conversion ratio (FCR) values during the whole experimental period (0-105-days) offish stocked at high-densities were significantly (P< 0,01) higher (not improved) than those offish stocked at lower-densities at 29.71, 34.43 and 39.11%CP. This indicates that decreasing the stocking density will provide a more efficient utilization of dietary protein for the growth of fish. Improvement of FCR at decreasing stocking density had been observed in other studies (Abdel-Hakim and Moustafa 2000; Abdel-Hakim et al 2001 ; Al-Azab 2001) ; In this connection, the results of Rahman, et al (2005) are in agreement with the present findings. They reported that FCR values of T. putitora fingerlings reared in nursery ponds improved significantly at lower stocking density.
As illustrated in Table ( (1990) showed that FCR of monosex Florida red tilapia held in cages did not differ at densities that ranged from 100 to 300 fish/m 3 . Averages of protein efficiency ratio (PER) of fish tended to increase at low dietary protein level at all stocking densities tested. Also there was significant differences (P< 0.01) among-the same protein level, except at T 2 SRi, T 2 SR 2 (34.43% CP), which showed no significant differences (P> 0.05)as shown in Table ( for TiSR h Ti3R 2 , T 2 SR U T 2 SR 2 , T3SR1 and T 3 SR 2 , respectively. These results indicated that the highest benefits were obtained by fish of T 3 SR[ (lower stocking density with higher dietary protein) followed m a descending order by those of T 2 3R 2 (higher stocking density with medium dietary protein) and T 3 SR 2 (higher density with higher dietary protein). The lowest net returns relative to total costs was recorded-by fish of T1SR2 (higher stocking density with lower dietary protein). These IN DIET ON NILE TILAPIA FRY DURING THE NURSERY PERIOD results are in accordance with those of Rahman et al (2005) working with mahseer (Tor puiitora) fingerlings reared in ponds for 8 weeks. They found that higher growth, survival and benefits of fmgerling were obtained at a density of 0.6 million hatchlings/ha than those from 0.8 and L0 million hatchlings/ha.
In the present study, a significantly higher number of fiy were produced in tanks stocked with 2778 hatchlings/m 3 than those from the tanks stocked with 1389 hatchlings/m 3 , at each dietary protein level tested* Despite this, consistent higher net returns to total costs were obtained with fish of T3SR4 than those of T 2 SR 2 and T 3 SR 2 . The higher market price of the relatively lai'ger fry (suitable for stocking grow-out ponds) were produced in T3 SR|, substantially increased the net return relative to total costs compared to relatively smaller fiy that produced in other groups with higher stocking densities. Recommendation:
Finally, it can be concluded that growth, survival and feed utilization of Nile tilapia fry were inversely related to the stocking density of hatchlings. In all respects, 1389 hatchlings/m 3 with 39.11% protein in the diet (T3SR1) showed highest values of growth parameters, survival and income compared to higher stocking rates at each dietary protein level. Stocking density of 1389 hatchlings/m 3 with 39.11 CP may be advisable for rearing of Nile tilapia fry for 15 weeks in a single-stage nursing system, for production of adequate quality seeds of Nile tilapia in shorter time with lower mortality rates in order to be available as healthy fiy at the beginning of the culture season for fish fanners. 
